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157] ABSTRACT

In ultrasonotomography, ultrasonic transducers are
divided in the scanning direction and in a direction
(elevation direction) orthogonal to the scanning direc-
tion and by changing the aperture in the elevation direc-
tion through focus in elevation direction, a tomogram
and a Doppler signal of a blood flow can be obtained
and displayed two-dimensionally. Doppler data is ob-
tained by effecting slight angle scan of the ultrasonic
beam mechanically or electronically in the elevation
direction. Data pieces for the same raster of a plurality
of Doppler data pieces obtained through the slight
angle scan in the elevation direction are added-
/averaged or added to improve the S/N ration. By
efiecting the slight angle scan of the ultrasonic beam in
the elevation direction orthogonal to a tomogram plane,
a vessel at a position deviant form the tomogram plane
can be found. Also, by virtue of the variable aperture in
elevation direction and the function of focus in eleva-
tion direction, the resolution of tomogram in the or-
thogonal direction can be improved to promote the
intensity of signal. In addition, by adding/averaging or
adding biood flow signals, the S/N ratio can be im-
proved.

24 Claims, 3 Drawing Sheets
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1
ULTRASONOTOMOGRAPHY

BACKGROUND OF THE INVENTION

The present invention relates to ultrasonotomogra-
phy based on a Doppler signal from an object to be
examined and more particularly to ultrasonotomogra-
phy suitable for improving the performance of an ultra-
sonic diagnostic apparatus.

When an ultrasonic beam is applied at an incident
angle to a blood flow inside a human body, the fre-
quency of an ultrasonic wave reflected from the blood
flow is shifted in accordance with velocity of the blood
flow and a Doppler signal can be obtained. Thus, the
blood flow velocity can be determined from this Dop-
pler signal. Conventionally, in an ultrasonic diagnostic
apparatus in which a Doppler signal is obtained to dis-
play a blood flow two-dimensionally, a blood flow in a
tomogram plane from which a two-dimensional tomo-
gram 1s obtained is measured and displayed. More par-
ticularly, where the array direction (azimuth direction)
of transducers of a probe is y axis and a direction (eleva-
tion direction) orthogonal to the azimuth direction is x
axis, focusing 1s effected in general 1n the elevation

direction by means of a fixed lens (acoustic lens of fixed
focus) and an ultrasonic beam is scanned in only the

azimuth direction, whereby tomogram and Doppler
data are obtained through scan in only the azimuth
direction. One-dimensional electronic scan or mechani-
cal scan is permitted by in order to effect two-dimen-
sional scan, the operator manually moves a probe by
changing the angle relative to x-axis direction to scan an
ultrasonic beam broadly. Variable aperture in elevation
direction and focus in elevation direction necessary for
making a beam small in the x-axis direction have already
been discussed in, for example, Ultrasonic B-scanner
with multi-line array by D. Hassler, D. Honig and R.
Schwarz, Medical division Siemens, Ultrasonic Imag-
ing 4, pp. 32-43, 1982. Further, a method of applying
this technique to obtaining Doppler data is described in
JP-A-3-158144. Also, beam scan in the x-axis (elevation
direction) is disclosed in, for example, JP-B-62-4988.

SUMMARY OF THE INVENTION

In the above prnior art, when the diameter of an ultra-
sonic beam 1s larger than that of a vessel, resulting in
degraded resolution, the S/N ratio of a Doppler signal
of a blood flow i1s degraded. To overcome this problem,
the ultrasonic beam is restricted in the azimuth direction
by using the variable aperture and variable focusing. In
the elevation direction, however, focusing is effected by
means of an acoustic lens of fixed focusing point and if
the ultrasonic beam in the elevation direction is thick, it
is affected by a soft tissue and disadvantageously the
S/N ratio of a Doppler signal is degraded. In addition,
the prior art fails to take into consideration scanning of
a Doppler beam standing for an ultrasonic beam for
obtaining a Doppler signal in the x-axis (elevation) di-
rection and a signal data processing method which uses
a signal int eh x-axis (elevation) direction to measure a
Doppler signal at a high S/N ratio, having difficulties in
displaying a thin vessel outside the ultrasonic beam.

The present invention contemplates elimination of
the above problems and its object is to provide an ul-
trasonotomographic method which uses an ultrasonic
diagnostic apparatus having a variable aperture in ele-
vation direction and the function of focus in elevation
direction to provide a shightly sector scanned ultrasonic
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2

beam even in the elevation direction in order that a
vessel outside the ultrasonic beam, undetectable with
the prior art, can be found out with ease, thereby find-
ing suitability to improving the S/N ratio of measured
data.

According to the invention, to accomplish the above
object, an ultrasonotomographic method for measuring
and displaying a tomogram signal of an object to be
examined and a Doppler signal of a blood flow by using
an ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arrayed in a first axis direction (azimuth
direction) standing for a scan direction of the ultrasonic
beam and a plurality of ultrasonic transducers arrayed
In a second axis direction (elevation direction) orthogo-
nal to the first axis direction, comprises the steps of: (a)
changing the aperture for transmission and/or reception
of the ultrasonic beam in the second axis direction, (b)
obtaining a tomogram by effecting transmission/recep-
tion of the ultrasonic beam plural times in an angular
direction substantially perpendicular to the second axis
direction, (c) obtaining a plurality of Doppler signals by
effecting transmission/reception of the ultrasonic beam
plural times in angular directions making a plurality of
different angles to the second axis direction on a plane
which the tomogram is obtained, is substantially parallel
to the second axis direction and contains the normal
direction of the aperture portion on the transmission/-
reception plane, (d) performing each of the steps (a) and
(c) by sequentially scanning the ultrasonic beam in the
first axis direction, and (e) displaying the tomogram of
the object to be examined and the plurality of Doppler
signals in superimposed fashion.

The ultrasonotomography according to the invention
also comprises obtaining a plurality of Doppler signals
by effecting transmission/reception of the ultrasonic
beam plural times in angular directions making a plural-
ity of different angles to the second axis direction on a
plane which is substantially perpendicular to a plane on
which the tomogram is obtained, is substantially parallel
to the second axis direction and contains the normal
direction of the aperture portion on the transmission/-
reception plane, and adding/averaging or adding the
plurality of Doppler signals to provide Doppler data.

The ultrasonotomography according to the invention
also comprises obtaining a plurality of Doppler signals
by effecting transmission/reception of the ultrasonic
beam plural times in angular directions making a plural-
ity of different angles to the second axis direction on a
plane which is substantially perpendicular to a plane on
which the tomogram is obtained, is substantially parallel
to the second axis direction and contains the normal
direction of the aperture portion on the transmission/-
reception plane, and displaying the plurality of Doppler
corresponding to each direction of transmission/recep-
tion of the ultrasonic beam.

More specifically, the ultrasonotomography accord-
ing to the invention comprises dividing ultrasonic trans-
ducers in the scanning direction and in a direction (ele-
vation direction) orthogonal to the scanning direction
and obtaining a tomogram and a Doppler signal of a
blood flow by changing the aperture desirably in the
elevation direction through focus in elevation direction
and displaying them two-dimensionally, and obtaining
Doppler data by effecting slight angle scan of the ultra-
sonic beam mechanically or electronically in the eleva-
tion direction.
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The ultrasonotomography according to the invention
also comprises adding/averaging or adding data pieces
for the same raster of a plurality of Doppler data pieces
obtained through the slight angle scan in the elevation
direction to measure a Doppler signal at a high S/N 5
ratio and display the Doppler signal.

In the present invention, by effecting the slight angle
scan of the ultrasonic beam in the elevation direction
orthogonal to a tomogram plane, a vessel at a position

deviant from the tomogram plane can be found. Also,
by virtue of the variable aperture in elevation direction

and the function of focus in elevation direction, the
resolution of tomogram in the orthogonal direction can

be improved to promote the intensity of signal and
besides by adding/averaging or adding blood flow sig- 15
nals, the S/N ratio can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram for explaining an embodiment of
a method for scan in the x axis direction according to 20
the invention:;

FIG. 2 1s a block diagram showing the construction
of an ultrasonic diagnostic apparatus to which ul-
trasonotomography of the invention is applied;

FIG. 3 1s a diagram for explaining an embodiment of 25
basic, data obtaining sequence according to the inven-
tion;

FIG. 4 15 a diagram for explaining an embodiment of
data obtaining sequence through addition/averaging or
addition according to the invention;

FIG. § 1s a diagram for explaining an embodiment of
data obtaining sequence by means of an MTTI filter ac-
cording to the invention;

FIG. 6 15 a diagram for explaining an embodiment of
a method for angle setting upon scan in the x axis direc- 35
tion according to the invention; |

FIG. 715 a diagram for explaining an embodiment of
variable aperture in elevation direction according to the
Invention; and

FIG. 8 15 a diagram for explaining an embodiment of 40
a method for detection of the blood flow direction ac-
cording to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the invention will no be described
with reference to the accompanying drawings.

In FIG. 2, reference numeral 21 designates an ampli-
fier, 22 a mixing circuit, 23 and 24 A/D (analog to
digital) converters, 25 and 26 MTI (moving target indi-
cation) filters, 27 a velocity calculating unit, 28 a color
DSC (digital scan converter) and 29 a display.

With the above construction, a received Doppler
signal 1s amplified and mixed with a 90° dephased signal
by means of the amplifier 21 and then converted into a
digital signal by the A/D converter 23 or 24. Data
received during one round preceeding transmission is
subtracted from the digital signal by means of the MT]I
filter 25 or 26 to remove a signal produced from a still
portion (clatter signal), blood flow velocity and the like
factors are calculated by the velocity calculating unit
27, and the direction, velocity and dispersion of a blood
flow are indicated in color by the color DSC 28 and
displayed on the display 29.

An ultrasonic beam is scanned in a manner as shown 65
in FIG. 1 to obtain a Doppler signal. For simplicity of
explanation, the scanning method shown is based on a
linear array probe. In FIG. 1, reference numeral 11
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designates array transducers for generation of an ultra-
sonic wave, and y-axis direction corresponds to scan-
ning direction (azimuth direction) and x-axis direction
corresponds to orthogonal direction (elevation direc-
tion) to the scanning direction. The array transducers
may be constructed by dividing a piezoelectrical mate-
rial 1n y-axis and x-axis directions or by dividing a piezo-
electrical material in the y-axis (azimuth) direction and
dividing an electrode in the x-axis (elevation) direction.
The sequence of scanning of an ultrasonic beam in the
y-axis direction is indicated by ] to n.

In the present embodiment, slight angle scan in the
x-axis direction is effected by scanning a variable aper-
ture in elevation direction and a variable focusing probe
in elevation direction mechanically or through elec-
tronical scanning under varying conditions for variable
focus in elevation direction. FIG. 1 shows the behavior
of sector scan based on slight angle scan in three angular
directions a, b and c.

The basic sequence of obtaining data in this scan is
shown in FIG. 3.

In FIG. 3, D represents obtaining the Doppler data
and B represents obtaining the tomogram data. Numer-
als suffixed to a, b and c indicate the sequence of scan-
ning in the y-axis direction shown in FIG. 1.

In this case, Doppler data D and tomogram data B
are obtained in a front angular direction b of a scanning
plane which 1s substantially perpendicular to the x-axis
direction of the array transducers 11, Doppler data is
obtained in angular directions a and b of scanning planes
which are inclined relative to the x-axis direction of the
array transducers 11, and the thus obtained Doppler
data pieces are simultaneously superimposed on the
tomogram data so as to be displayed. Thus, in the basic
sequence, data 1s obtained in the order of Doppler data
in al, tomogram data 1n bl, Doppler data in bl, Doppler
data 1n cl, Doppler data in a2, tomogram data in b2,
Doppler data in b2 and Doppler data in c2.

The Doppler data pieces are added/averaged or
added to improve quality of image and S/N ratio in a
manner to be described below. FIG. 4 1s a diagram for
explaining an embodiment of the data obtaining se-
quence based on addition/averaging or addition ac-
cording to the invention and FIG. § 1s a diagram for
explaining an embodiment of the data obtaining se-
quence based on the MTI filter.

In the present embodiment, data pieces obtained in
the angular directions a, b and ¢ shown in FIG. 1 are
added/averaged or added in accordance with the se-
quence shown 1n FIG. 4. For example, when obtaining
data in al, a plurality of Doppler data pieces, for exam-
ple, three Doppler data pieces D1, D2 and D3 are ob-
tained in order to improve the S/N (signal to noise)
ratio. In a similar way, .data in bl and data in cl are
obtained 1in this order and the thus obtained data pieces
are added/averaged or added by means of the velocity
calculating unit 27. In” an alternative method, data
pieces obtained in each of the angular directions a, b and
¢ are added/averaged or added and superimposed on
each other for display. In this case, even when Doppler
data 1s present 1n any one of the angular directions a, b
and c¢ alone, 1mages of high quality can be displayed.

In case where the MTT filter 25 1s applied to rasters in
the angular directions a, b and c, the sequence shown in
FIG. 515 used. For example, the MTI filter 25 is applied
to Doppler data obtained in the order of al, bl and c1,
tomogram data in bl 1s then obtained and subsequently
Doppler data and tomogram data in a2, b2 and c2 are
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obtained in a similar way. When obtaining data in each
of the angular positions al, bl and cl, a plurality of
Doppler data pieces, for example, three Doppler data
pieces D1, D2 and D3 are obtained and added-
/averaged or added in order to improve the S/N (signal
to noise) ratio.

Angle setting to be done when the slight angle scan is
effected in the x-axis direction will now be described.
FIG. 6 1s a diagram for explaining an embodiment of a
method for angle setting upon the x-axis direction scan
according to the invention. In FIG. 6, reference numer-
als 62 and 63 designate vessels of which the vessel 62
stands for a thin vessel undetectable by scan in the angu-
lar direction b alone.

In the present embodiment, by performing scan in the
angular directions a and ¢ in addition to the conven-
tional ordinary scan (scan in the angular direction b),
data of the vessel 62 can also be obtained which cannot

be obtained in the angular direction b. By performing
sector scan through the slight angle in this manner, a

blood flow can be obtained in the angular direction a
and displayed 1n color. In this case, the angle is deter-
mined by vessel diameter r and depth z and may be
related to them by “slight angle 6 =arctan(r/z)”.

- The range of scan of an ultrasonic beam can be set
automatically by using the intensity (strong or weak) of
a blood flow signal or manually by using a fixed value
inputted by the operator in advance. Specifically, on the
assumption that relative to a vessel displayed through
the ordinary scan, a different vessel having the same
diameter as that vessel lies in the x-axis direction, the
ultrasonic beam is further scanned in the x-axis direction
to provide a display or an empirical value of scan range
depending on diagnosis and an object to be displayed is
inputted by the operator and a new value is inputted
each time the examination object changes.

Doppler signals can be produced from the vessel 63
shown in FIG. 6 by using rasters in the angular direc-
tions a and b. In this case, by adding/averaging or add-
ing the Doppler signals within a range of pixels repre-
sented in terms of the depth direction, the S/N ratio can
be improved. |

Further, 1t 1s assumed that the number of repetitive
transmissions for obtaining Dopper data of one raster
when the sector scan 1s not effected in the x-axis (eleva-
tion) direction 1s N. Then, if the sector scan is effected
In the x-axis direction under the same condition, the
frame rate is reduced to about 4 in the present embodi-
ment and therefore, by making the number of repetitive
transmissions for obtaining Doppler data of one raster
equal to N/3, the frame rate can be kept to be substan-
tially constant.

Variation of aperture in elevation direction in the
present embodiment will now be described. FIG. 715 a
diagram for explaining an embodiment of variable aper-
ture in elevation direction according to the invention.
In FIG. 7, reference numeral 74 designates a vessel. In
the present embodiment, by varying the aperture in the
x-axis direction, a sharp beam is formed to draw thinner
vessels. For example, when obtaining data at a short
distance, the azimuth resolution at the short distance
can be tmproved by making the aperture small in the
x-ax1s direction of the array transducers, so that a vessel
74 at the short distance can be drawn. With the small
aperture, however, a vessel 74 at a medium distance 1s
buried in the ultrasonic beam and cannot be drawn.
Accordingly, the aperture in the x-direction of the array
transducers is enlarged to permit the vessel 74 at the
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6

medium distance as shown in FIG. 7 to be drawn. The
operation of varying the aperture in the x-axis direction
may be effected during only reception or during both
transmission and reception. A similar effect can be at-
tained by varying the focal position in the direction of
depth of the examination object.

Detection of directivity of a blood flow will now be
described. FIG. 8 1s a diagram for explaining an embodi-
ment of a method for detection of blood flow direction
according to the invention. In FIG. 8, reference nu-
meral 85 designates a vessel and the direction of a blood
flow 1s indicated by arrow. For example, when data on

different rasters are superimposed on each other with-

out being subjected to addition/averaging or addition,
the direction of a blood flow will be displayed oppo-
sitely in some case. In FIG. 8, 1t 1s decided by an ultra-
sonic beam a that the blood flow approaches the ultra-
sonic beam, and a display is effected in red. However, 1t

1s decided by an ultrasonic beam c that the blood flow
departs from the ultrasonic beam and a display is ef-

fected in blue. In this manner, the direction of even the
same blood flow i1s sometimes decided oppositely. The
same result of decision of direction is obtained for the
ultrasonic beam c and an ultrasonic beam b. Therefore,
by adding/averaging or adding data pieces within the
same pixel, the correct direction can be displayed. For
example, when the blood flow is parallel to the array
transducers 11, data pieces will be collapsed through
addition/averaging but they may be confirmed if data
on each raster of each of the angular direction a, b and
c 1s displayed on time series basis. Data pieces may be
added at the same timing on raster in the x-direction or
at a constant distance from the surface.

In order for the user to perform the scan in the x-axis
direction, a scanning method can be selected which
adopts, for example, a broad scan mode 1n the x-axis
direction wherein an ultrasonic beam is transmitted and
received within a wide angular range covering a direc-
tion substantially perpendicular to the x-axis direction
and a plurality of directions inchned relative to the
x-axis direction, and effects the sector scan in the x-axis
direction by using the broad scan mode. Alternatively,
a scanning method can be employed 1n which contact of
an ultrasonic probe to a human body is detected auto-
matically and during only a predetermined interval of
time following the detection, the broad scan mode is
carried out automatically. Advantageously, through the
above scanning methods, the blood fiow can be dis-
played easily and an approximate position of the blood
flow can be detected. For detection and display of the
approximate position of the blood flow, a method may
also be employed in which Doppler data and tomogram
data are both obtained and displayed through sector
scan in the x-axis direction in the broad scan mode. If
the scanning direction of an ultrasonic beam in the x-
axis direction useful for diagnosis exists, this scanning
direction in the x-axis direction can be fixed and the
ultrasonic beam can be scanned in the y-axis direction to
obtain Doppler data and tomogram. In this case, the
scanning direction in the x-axis direction may be fixed
by the user or it may be set automatically 1in accordance
with the intensity (strong or weak) of the Doppler data
(blood flow signal). For example, the intensity of the
Doppler data (blood flow signal) may be decided auto-
matically and the direction of transmission/reception of
an ultrasonic beam in the x-axis direction may be so
fixed as to lie in a direction in which the maximum
intensity of the Doppler data 1s obtained.
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While the present embodiment has been described as
using the linear array probe, similar effects may be ob-
tained with an electronically scanning convex array
probe or a phased array probe.

We claim:

1. An ultrasonotomographic method for measuring
and displaying tomogram signals of an object to be
examined and Doppler signals of a blood flow by using
an ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic

transducers arrayed in a first axis direction of a scan
direction of the ultrasonic beam and a plurality of ultra-

sonic transducers arrayed in a second direction orthog-
onal to the first axis direction, comprising the steps of:

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining tomogram signals and Doppler signals
by effecting transmission/reception of the ultra-
sonic beam plural times in an angular direction
substantially perpendicular to said second axis di-
rection; | |

(c) obtaining a plurality of Doppler signals by effect-
ing transmission/reception of the ultrasonic beam
plural times in angular directions making a plural-
1ty of different angles to said second axis direction
In an elevation plane;

(d) performing each of the steps (a) to (¢) by sequen-
tially scanning the ultrasonic beam in said first axis
direction: and

(e) displaying said tomogram of said object to be
examined and said plurality of Doppler signals in
superimposed fashion.

2. An ultrasonotomographic method according to
claim 1 comprising obtaining a plurality of Doppler
signals by effecting transmission/reaction of the ultra-
sonic beam plural times in angular directions making a
plurahty of different angles to said second axis direction
on said elevation plane, and adding/averaging or add-
ing said plurality of Doppler signals to provide Doppler
data.

3. A method according to claim 2, wherein said eleva-
tion plane 1s a plane on which said tomogram is ob-
tained. is substantially paralle! to said second axis direc-
tion and contains the normal direction of the aperture
portion on said transmission/reception plane.

4. An ultrasonotomographic method according to
claim 1 comprising obtaining a plurality of Doppler
signals by effecting transmission/reception of the ultra-
sonic beam plural times in angular directions making a
plurality of different angles to said second axis direction
on said elevation plane, and displaying said plurality of
Doppler signals on time series basis on the same raster
corresponding to each direction of transmission/recep-
tion of the ultrasonic beam.

S. A method according to claim 4, wherein said eleva-
tion plane 1s a plane which said tomogram 1s obtained, is
substantially parallel to said second axis direction and
contains the normal direction of the aperture portion on
said transmission/reception plane.

6. A method according to claim 1, wherein said eleva-
tion plane is a plane on which said tomogram is ob-
tained, 1s substantially parallel to said second axis direc-
tion and contains the normal direction of the aperture
portion on aid transmission/reception plane.

7. An ultrasonotomographic method for measuring
and displaying a tomogram signal of an object to be
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an ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arrayed in a first axis direction of a scan
direction of the ultrasonic beam and a plurality of ultra-
sonic transducers arrayed in a second direction orthog-
onal to the first axis direction, comprising the steps of:

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining a tomogram by effecting transmission/-
reception of the ultrasonic beam plural times in
angular directions substantially perpendicular to
said second axis direction;

(c) obtaining a plurality of Doppler signals by effect-
Ing transmission/reception of the ultrasonic beam
plural times in angular directions making a plural-
ity of different angles to said second axis direction
on a plane which is substantially perpendicular to a
plane on which said tomogram is obtained, is sub-
stantially parallel to said second axis direction and
contains the normal direction of the aperture por-
tion on said transmission/reception plane;

(d) performing each of the steps (a) to (c) by sequen-
tially scanning the ultrasonic beam in said first axis
direction:;

(e) displaying said tomogram of said object to be
examined and said plurality of Doppler signals in
superimposed fashion; an

(f) detecting contacting of said ultrasonic probe to
sald object to be examined, and automatically scan-
ning the ultrasonic beam in said second axis direc-
tion during a predetermined interval of time fol-
lowing the contacting to detect an approximate
position of a blood flow.

8. An ultrasonotomographic method for measuring
and displaying tomogram signals of an object to be
examined and Doppler signals of a blood flow by using
an ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arrayed in a first axis direction of a scan
direction of the ultrasonic beam and a plurality of ultra-
sonic transducers arrayed in a second direction orthog-
onal to the first axis direction, comprising the steps of;

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining tomogram signals by effecting transmis-
sion/reception of the ultrasonic beam plural times
in angular directions substantially perpendicular to
sald second axis direction:

(c) obtaining a plurality of Doppler signals by effect-
ing transmission/reception of the ultrasonic beam
plural times in an angular direction making a plu-
rality of different angles to said second axis direc-
tion in an elevation plane;

(d) performing each of the steps (a) to (c) by sequen-
tially scanning the ultrasonic beam in said first axis
direction;

(e) displaying said tomogram of said object to be
examined and said plurality of Doppler signals in
superimposed fashion; and

(f) obtaining tomogram signals and a Doppler signal
in said first axis direction by fixing the angular
direction of transmission/reception of the ultra-
sonic beam in said second axis direction in said
elevation plane to a predetermined angular direc-
tion.
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9. An ultrasonotomographic method according to
_ claim 8, wherein the predetermined angular direction is
an angular direction in which the intensity of the Dop-
pler signal is maximized.

10. An ultrasonotomographic method for measuring
and displaying tomogram signals of an object to be
examined and Doppler signals of a blood flow by using
an ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arrayed in a first axis direction of a scan
direction of an ultrasonic beam and a plurality of ultra-
sonic transducers arrayed in a second direction orthog-
onal to the first axis direction, comprising the steps of:

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining tomogram signals and Doppler signals
by effecting transmission/reception of ultrasonic
beam plural times 1n an angular direction substan-
tially perpendicular to said second axis direction;

(c) obtaining a plurality of Doppler signals by effect-
ing transmission/reception of the ultrasonic beam
plural times in angular directions making a plural-
ity of different angles to aid second axis direction in
an elevation plane and averaging or adding said
plurality of Doppler signals to provide Doppler
data for said each angular direction;

(d) performing each of the steps (a) to (c¢) by sequen-
tially scanning the ultrasonic beam in said first axis
direction; and

(e) displaying said tomogram of said object to be
examined and said plurality of Doppler signals in
superimposed fashion.

11. An ultrasonotomographic method according to
claim 10, further comprising the step of displaying said
plurality of Doppler signals in superimposed relation
with said tomogram on a time series basis on the same
raster corresponding to each direction of transmission/-
reception of the ultrasonic beam.

- 12. A method according to claim 11, wherein said

elevation plane 1s substantially perpendicular to a plane
on which said tomogram is obtained, is substantially
parallel to said second axis direction and contains the
normal direction of the aperture portion on said trans-
mission/reception plane.

13. A method according to claim 10, wherein said
elevation plane 1s a plane which is substantially perpen-
dicular to a plane on which said tomogram is obtained,
1s substantially parallel to said second axis direction and
contains the normal direction of the aperture portion on
sald transmission/reception plane.

14. An ultrasonotomographic method for measuring
and displaying a tomogram signals of an object to be
examined and a Doppler signal of a blood flow by using
an ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arraved in a first axis direction of a scan
direction of the ultrasonic beam and a plurality of ultra-
sonic transducers arrayed in a second direction orthog-
onal to the first axis direction, comprising the steps of:

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining tomogram signals by effecting transmis-
sion/reception of the uitrasonic beam plural times
In angular directions substantially perpendicular to

- said second axis direction;
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(c) obtaining a plurality of Doppler signals by effect-
ing transmission/reception of the ultrasonic beam
plural times in an angular direction making a plu-
rality of different angles to said second axis direc-
tion 1n an elevation plane;

(d) performing each of the steps (a) to (c) by sequen-

~ tially scanning the ultrasonic beam in said first axis
direction;

(e) displaying said tomogram of said object to be
examined and said plurality of Doppler signals in
superimposed fashion; and

(f) detecting contacting of said ultrasonic probe to
sald object to be examined, and automatically scan-
ning the ultrasonic beam in said second axis direc-
tion during a predetermined interval of time fol-
lowing the contacting to detect an approximate
position of a blood flow.

15. An ultrasonotomographic method for measuring
and displaying a tomogram signals of an object to be
examined and Doppler signal of a blood flow by using
an ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arrayed in a first axis direction of a scan
direction of the ultrasonic beam and a plurality of ultra-
sonic transducers arrayed in a second direction orthog-
onal to the first axis direction, comprising the steps of:

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining tomogram signals by effecting transmis-
sion/reception of the ultrasonic beam plural times
in angular directions substantially perpendicular to
said second axis direction;

(c) obtaining a plurality of Doppler signals by effect-
ing transmission/reception of the ultrasonic beam
plural times 1n an angular direction making a plu-
rality of different angles to said second axis direc-
tion in an elevation plane and averaging or adding
sald plurality of Doppler signals to obtain Doppler
data;

(d) performing each of the steps (a) to (¢) by sequen-
tially scanning the ultrasonic beam in said first axis
direction;

(e) displaying said tomogram of said object to be
examined and said plurality of Doppler signals in
superimposed fashion; and

(f) obtaining tomogram signals and Doppler signals in
said first axis direction by fixing the angular direc-
tion of transmission/reception of the ultrasonic
beam plural times in said second axis direction to a
predetermined angular direction in the elevation
plane.

16. An ultrasonotomographic method according to
claim 1§, wherein the predetermined angular direction
1s an angular direction in which the intensity of the
Doppler signal 1s maximized. |

17. A method according to claim 15, wherein said
elevation plane is substantially perpendicular to a plane
on which said tomogram 1s obtained, is substantially
parallel to said second axis direction and contains the
normal direction of the aperture portion on said trans-
mission/reception plane.

18. An ultrasonotomographic method for measuring
an displaying tomogram signals of an object to be exam-
ined and Doppler signals of a blood flow by using an
ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arrayed in a first axis direction standing for
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a scan direction of the ultrasonic beam and a plurality of
ultrasonic transducers arrayed in a second direction
orthogonal to the first axis direction, comprising the
steps of:

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining tomogram signals and Doppler signals
by effecting transmission/reception of the ultra-
sonic beam plural times in an angular directions
substantially perpendicular to said second axis di-
rection in an elevation plane;

(c) obtaining a plurality of Doppler signals by effect-

~ Ing transmission/reception of the ultrasonic beam

plural times in an angular direction making a plu-
rality of different angles to said second axis direc-
tion in an elevation plane; |

(d) performing each of the steps (a) to (c) by sequen-
tially scanning the ultrasonic beam in said first axis
direction;

(e) displaying said plurality of Doppler signals in
superimposed relation with said tomogram on time
series basis on the same raster corresponding to
each direction of transmission/reception of the
ultrasonic beam.

19. A method according to claim 18, wherein said
elevation plane 1s substantially perpendicular to a plane
on which said tomogram is obtained, is substantially
parallel to said second axis direction and contains the
normal direction of the aperture portion on said trans-
mission/reception plane.

20. A method according to claim 19, wherein said
plurality of Doppler signals are obtained in angular
directions making a plurality of different angles to said
second axis direction.

21. An ultrasonotographic method for measuring and
displaying of tomogram signal of an object to be exam-
ined and of Doppler signal of a blood flow by using an
ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arrayed in a first axis direction of a scan
direction of the ultrasonic beam and a plurality of ultra-
sonic transducers arrayed in a second direction orthog-
onal to the first axis direction, comprising the steps of:

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining tomogram by effecting transmission/-
reception of the ultrasonic beam plural times in an
angular direction substantially perpendicular to
said second axis direction in an elevation plane;

(c) obtarning a plurality of Doppler signals by effect-
Ing transmission/reception of the ultrasonic beam
plural times 1n an angular direction making a plu-
rality of different angles to said second axis direc-
tion on a plane which is substantially perpendicular
to a plane on which said tomogram i1s obtained, 1s
substantially parallel to said second axis direction
and contains the normal direction of the aperture
portion on said transmission/reception plane;

(d) performing each of the steps (a) to (c) by sequen-
tially scanning the ultrasonic beam in said first axis
direction:

10

15

20

23

30

35

40

45

50

33

60

635

12

(e) displaying said -plurality of Doppler signals ob-
tained 1n angular directions making a plurality of
different angles to said second axis direction on a
plane which is substantially perpendicular to a
plane on which said tomogram is obtained, is sub-
stantially parallel to said second axis direction and
contains the normal direction of the aperture por-
tion on said transmission/reception plane, in super-
imposed relation with said tomogram on time series
basis on the same raster corresponding to each
direction of transmission/reception of the ultra-
sonic beam; and

(f) detecting contacting of said ultrasonic probe to
said object to be examined, and automatically scan-
ning the ultrasonic beam in said second axis direc-
tion during a predetermined interval of time fol-
lowing the contacting to detect an appropriate
position of a blood flow.

22. An ultrasonotomographic method for measuring
and displaying tomogram signals of an object to be
examined and Doppler signals of a blood flow by using
an ultrasonic probe having, on a transmission/reception
plane of an ultrasonic beam, a plurality of ultrasonic
transducers arrayed in a first axis direction of a scan
direction of the ultrasonic beam and a plurality of ultra-
sonic transducers arrayed in a second direction orthog-
onal to the first axis direction, comprising the steps of:

(a) changing the aperture of transmission and/or re-
ception of the ultrasonic beam in said second axis
direction;

(b) obtaining tomogram signals and Doppler signals
in said first axis direction plural times in said second
axis direction:

(c) obtaining a plurality of Doppler signals by effect-
ing transmission/reception of the ultrasonic beam
plural times in a predetermined angular direction
making a predetermined angle to said second axis
direction in an elevation plane;

(d) performing each of the steps (a) to (¢) by sequen-
tially scanning the ultrasonic beam in said first axis
direction;

(e) displaying said plurality of Doppler signals in
superimposed relation with said tomogram on time
series basis on a raster corresponding to each direc-
tion of transmission/reception of the ultrasonic
beam: and | |

(f) obtaining tomogram signals and Doppler signals in
said first axis direction by fixing the angular direc-
tion of transmission/reception of the ultrasonic
beam in said second axis direction to a predeter-
mined angular direction.

23. An ultrasonotomographic method according to
claim 22, wherein the predetermined angular direction
1s an angular direction in which the intensity of the
Doppler signal is maximized.

24. A method according to claim 22, further compris-
ing the step of detecting an approximate position of a
blood flow by automatically scanning the ultrasonic
beam in said second axis direction during a predeter-
mined interval of time following the contacting after
detecting contacting of said ultrasonic probe to said

object to be examined.
% * * ¥
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